A precise knowledge of charged Triple Gauge Couplings (cTGCs) is important for the determination of Higgs couplings and for constraining physics beyond the Standard Model. Future high-energy e + e − colliders could have a significantly improved sensitivity to anomalous cTGCs. The fit framework presented here extracts cTGCs in parallel with chiral cross sections and beam polarisation parameters. It demonstrates that cTGCs can be measured with precision in the 10 −3 − 10 −4 range. A strong dependence of the cTGC sensitivity on the available luminosities and polarisations is observed.
Introduction
The Standard Model (SM) gauge group allows and requires the coupling of three electroweak gauge bosons. Only interactions including two oppositely charged bosons are allowed in the SM (W + W − Z,W + W − γ). The strength of this SM interaction is determined by the gauge structure and depends only on the weak mixing angle θ W and coupling constant g. Additional variations in the charged triple gauge coupling (cTGC) may occur in the presence of physics beyond the SM (BSM). Such BSM effects have a strong interplay with precision Higgs coupling measurements [1] . These effects must be quantified in a theoretical framework that can describe deviations from the SM prediction. SM effective field theory provides such a framework and can describe anomalous cTGCs. Extracting cTGC values from collision data requires a fit to observed differential distributions. The measurement of the cTGCs uses the same processes which are used for the measurement of the beam polarisations. A fit of cTGCs must therefore include the beam polarisation parameters. Other electroweak parameters can interfere with the measurement of cTGC parameters and must be considered as well. Four proposals of future high-energy e + e − collider which could perform such a measurement are currently under discussion. Two of them are linear machines -ILC [2] and CLIC [3] -and two are circular -FCC-ee [4] and CEPC [5] . The machine parameters most crucial to the physics performance are its collision energies, the luminosities at theses energies and the polarisation of the beams. These parameters can vary by orders of magnitude between the four proposals due to the different challenges of linear and circular machines. Collision energies range from runs at the Z pole to the multi-TeV scale. Achievable luminosities are dependent on machine choice and energy. At the scale of a Higgs factory (∼ 250 GeV) typical luminosities are around 5 ab −1 for circular machines and around 1 − 2ab −1 for linear ones. The current proposals include options with each, one or no beam polarised. This study aims to determine how these top-level collider parameters influence electroweak precision measurements.
Fit of electroweak and polarisation parameters
A χ 2 minimization is used to vary the parameters and thereby the predictions of differential distributions in order fit them to measurements of those distributions. Bin-by-bin correlations are not implemented in the current framework and are planned to be implemented in the future. The fit can vary the three cTGCs (g Z 1 , κ γ , λ γ ) of the LEP parameterisation [6] as well as the polarisation and the chiral cross sections of processes. A non-zero beam polarisation is assumed to not change its amplitude when its helicity direction is reversed. This results in a maximum of two beam polarisation parameters -one for the e − polarisation and one for the e + polarisation. Two parameters per scattering process describe possible changes in the allowed chiral cross section. The first is an asymmetry between two chiral cross sections and the second is the sum of all four chiral cross sections. In total, the fit has to extract three cTGS parameters, between zero and two polarisation parameters, and two additional parameters for every considered process.
Input channels
A large number of processes and differential cross section bins is required to constrain all parameters of the fit. Here, six processes with two or four fermions in the final state are used (tab. 1). Table 1 : List of processes used in the fitting framework, including the considered values of chiral chross-sections and the differential distributions with corresponding binning. A starred observable ( * ) is extracted in the rest frame of the corresponding W boson. (q = u, d, s, c, b) Cross sections where calculated with WHIZARD [7] and are supplied by the ILD generator group [8] .
Generator level datasets are used to calculate the differential distributions for processes with two fermions in the final state. The events are generated with WHIZARD [7] and include effects from initial state radiation (ISR) and from the energy spectra of the incoming beams. Differential distributions for processes with four fermions in the final are obtained from matrix element calculation with O'Mega [9] and do not consider ISR or beam spectra. The distribution from matrix element calculation have previously been compared to corresponding ones which were extracted from Monte Carlo events including ISR and beam spectra and the difference was found to be small [10] . Four-fermion final states are affected by changes in the cTGCs. A three-parameter second order polynomial is used to parameterise this effect for each bin of the distributions. The coefficients of the polynomial are calculated from values of the differential cross section at different cTGC values [10] . For different values of polarisation and chiral cross sections the differential distributions are re-normalised accordingly. The observables for each process are chosen to fully describe the process kinematics assuming fixed √ s and no ISR [10] . For two-fermion final states only the polar angle θ of the particle in the final state is used (e.g. θ q for qq). The azimuthal angle distribution is expected to be flat and does not carry additional information. In the four-fermion final states the angles in the center-of-mass frame of the hard e + e − collision and the boson rest frame are used. The azimuthal angle of the bosons is ignored due to its flat distribution and only the polar angle of the W − and the leptonically decaying Z boson is used. Both polar angles of the (negatively) charged lepton in the leptonically decaying W (Z) rest frame are used (e.g. fig. 1 ). Angles in the rest frame of the hadronically decaying W are not used due to experimental ambiguity. Processes with taus or more than one neutrino in the final state are not considered. The W + W − → µνqq channel is not separated by the muon charge. A separation of muon charges does not pose an experimental challenge and is only neglected here for techinal simplification. This however results in an artificial symmetrisation of the corresponding angular distributions. Parameters which are extracted from these differential distributions will therefore have overestimated uncertainties.
Toy measurements
The fit parameter uncertainties achieved within this framework are studied for various collider setups. Such a collider setup is a set of energy, luminosity, available polarisations and luminosity sharing between polarisation settings. The performance is tested using a fit to toy measurements. A toy measurement is defined as the set of differential distributions based on their SM expectation for which each bin content gets fluctuated with a Poisson distribution for its statistical uncertainty. Migrations between bins are not considered. A selection efficiency of = 60% and a purity of π = 80% is assigned to each bin of each distribution. These values are motivated by a full analysis of lνqq events at √ s = 500 GeV which included ILD full detector simulation and reconstruction [11] . This models the effect of an analysis on the number of events. An analysis of fully simulated datasets of each channel may influence the shape and normalisation of each distribution more subtly. This is not yet considered.
Only the beam polarisations are directly considered as systematic uncertainties. Their uncertainties taken into account by letting them vary in the fit. In addition, the chiral cross section parameters may be interpreted as a reflection of theory uncertainties. Such systematic uncertainties from the theoretical cross section calculations would be absorbed into an extraction of anomalous chiral cross section values. Beyond that, no other systematic uncertainties -such as those on luminosity or detection efficiency -are included.
Results
Here, fits are performed for a center-of-mass energy of 250 GeV. Two integrated luminosities (2 ab −1 , 10 ab −1 ) and three polarisation cases (tab. 2) are studied. The polarisation amplitude of unpolarised beams is by default fixed to zero and is not fitted. One hundred toy measurements are produced for each collider setup to suppress possible statistical fluctuations from the toy measurement method. A fit is performed on each toy measurement and the standard deviations for each fit parameter are extracted. The resulting uncertainties are then calculated as the average standard deviations of all toy measurements ( fig. 2 ). Variations of uncertainties between the toy measurements are observed to be at or below the percent level relative to the given uncertainty. Any relative difference between uncertainties which is larger than a few percent is likely a systematic difference. If no electron polarisation is available the g Z 1 and λ γ uncertainties increase by more than a factor two for a fixed luminosity. This can not be fully compensated by increasing the luminosity by a factor 5. In the case of κ γ , the unpolarised case has uncertainties less than a factor 1.5 worse than the polarised case. Increasing the available statistics by increasing the luminosity is a more significant effect for this parameter. The positron polarisation does not show a strong influence on the cTGC uncertainties in this framework. Systematic uncertainties are expected to be affected if the positron beam is unpolarised. Chiral cross section uncertainties improve by approximately a factor two when increasing the luminosity in every polarisation configuration ( fig. 2c,2d ). This corresponds directly to the decreased statistical uncertainty. Removing polarisations has a direct consequence for the extraction of asymmetries. Having polarised beams means that asymmetries result in a change of cross section when flipping the sign of a polarisation. An asymmetry can therefore be extracted by a simple total cross section measurement at different polarisations. If no or fewer polarisations are available the asymmetry extraction relies on the measurement of the chiral composition of differential cross sections. This may result in a loss of sensitivity. Most asymmetry parameters show that sensitivity either stays in the same range or decreases by up to an order of magnitude if polarisations are removed. A strong influence is seen in the asymmetries of the di-lepton production A ll and the semi-leptonic Z boson pair decay A lνqq . This may be at least partially caused by the current artificial muon charge-symmetrisation of the angular distributions of theµν µ final state. Separating the µ + and µ − distributions could soften this decrease of sensitivity. In contrast, the total cross sections tend to show lower sensitivities when more polarisation is available. This effect may be caused by the fixed zero-polarisations which are not measured in the fit. The influence of measuring a close-to-zero beam polarisation in this scheme is tested for the single-polarisation case. No effect on the uncertainty on the extracted cTGCs is observed. The uncertainties on the chiral cross section parameters however become up to an order of magnitude higher than for the fully polarised case. Polarisations are extracted with a sensitivity in the order of ∆P/P ∼ 10 −3 − 10 −4 (fig. 2b) . The measurement of a positron polarisation close to zero shows an uncertainty which is a factor 3 − 10 higher than all others. A polarimeter constraint may improve this situation [12] .
Conclusion & Outlook
The fit demonstrates that the cTGC sensitivity is highly dependent on available luminosities and polarisations. An absence of beam polarisation may complicate the measurement of cTGCs significantly and should be part of further studies. This has so far been intended as a proof of principle to show that such comparisons can be made within a common fit framework. The results described here do not yet include systematic uncertainties from analyses or detector effects. Such systematic uncertainties may lead to significantly different changes for cases of polarised and unpolarised beams. The splitting of unpolarised dataset into datasets with different initial polarisations usually results in a signal-enhanced and a signal-suppressed dataset. Systematic effects can be investigated with the signal-suppressed dataset. These effects can then be removed from the signal-enhanced dataset and the signal can be extracted. How well this approach can be used to suppress systematic uncertainties remains an open field of study. Further realism will be added to the current framework in order to better inform the design of future e + e − colliders.
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